Forest clear cutting alters the hydrological processes such as interception, evapotranspiration and infiltration of the forested watershed and consequently increases the amount of water and sediment leaving the watershed. This study was conducted in the Upper Pearl River Watershed (UPRW) located in east-central Mississippi to evaluate and compare the potential impacts of forest clear cutting on water and sediment yields using the Soil and Water Assessment Tool (SWAT) model. For this purpose, five hypothetical scenarios representing clear cutting at 10%, 20%, 30%, 55% and 75% of the total forest area of the watershed were generated. The SWAT model was first calibrated (1981-1995) and validated (1996-2008) for monthly stream flow, and later verified (February 2010 to December 2010) for monthly sediment load. Results show that the SWAT model was able to simulate stream flow and sediment load satisfactorily during the calibration/validation and verification periods, respectively. The potential changes caused in yields as a result of the changes in clearcut area were computed by comparing predicted yields from each clear cutting scenario and a base condition. Results from five scenarios demonstrate substantial increase in yields with an increase in the percentage of forest area clearcut. When compared with the base scenario, potential changes in water and sediment yields occur between 17% to 96% and 33% to 250%, respectively, with an increase in clearcut area from 10% to 75%. Results also indicate that, for all scenarios, percentage wise change is larger for sediment yield. Although predicted water and sediment yields generated from each scenario are subject to further verification with observed data, this study provides useful information about the potential amount of water and sediment yields that may be produced under each scenario, and that the potential changes that may happen on yields if similar magnitude of clear cutting occurs in the UPRW or in similar watershed.
Introduction
Water flowing from forested watershed is generally higher in quality than that flowing from other land use types, such as urban or agricultural watershed [1, 2] . However, intensive forest management activities such as clear cutting may reduce surface water quality due to transportation of non-point source pollutants such as surface runoff and sediment [3, 4] . Many studies in the past have shown strong evidences supporting increase in water yield following forest clear cutting due to reduced evapotranspiration and soil infiltration capacity [5] [6] [7] . In addition, response of water yield to forest clear cutting is also known to depend on the types of vegetation harvested and the percentage of forest area harvested, among others. For instance, a study in the past reviewed 94 paired watershed studies conducted worldwide on the impacts of forest cover change on water yield and determined 40 mm and 25 mm increase in water yield for every 10% reduction in cover for coniferous and deciduous forest, respectively [5] . The authors further reported that at least 20% of the forest area should be removed for detecting statistically significant increase in water yield. More recently, a study conducted in the Mica Creek Experimental Watershed in Northern Idaho reported significant increase in water yield after 50% clearcut harvest of timber [7] .
Sediment is one of the most important non-point source pollutants from intensively managed forest [8] . Therefore, in addition to water yield, response of sediment yield to forest clear cutting has also been extensively studied [4, 9, 10] . These studies have shown increase in sediment yield after forest clear cutting. For instance, a study assessed the impacts of forest clear cutting in three watersheds: one control and the other two clearcut with and without best management practices (BMP) in eastern Kentucky [4] . The authors observed increased sediment yield from both clearcut watersheds when compared with the control watershed. Increase in sediment yield from clearcut watershed without BPM and with BMP was approximately 30 times and 14 times higher than the control watershed [4] . In a similar study conducted in Virginia, significant increase in sediment yield was observed following forest clear cutting [10] .
The Upper Pearl River Watershed (UPRW) (Figure 1 ) is an important watershed of Mississippi because it drains directly into the Ross Barnett Reservoir. The Ross Barnett Reservoir is one of the state's largest surface water bodies and serve as the main source of drinking water for the city of Jackson [11] . It is a forest dominated watershed and forest industry has been identified as the main source of watershed's economy [12] . However, from water quality perspective, excess sediment from unprotected clearcut sites has been reported as one of the major threats to the water bodies of the UPRW, including the Ross Barnett Reservoir [12, 13] . According to Mississippi Department of Environmental Quality (MDEQ), approximately 19% (217 stream miles) of entire Pearl River basin, within which the UPRW is located, are in poor condition [12] . The report also determined that the large proportions of poor conditioned streams are located in the upper part of the basin, where the UPRW is located. Until recently, very few studies have assessed the hydrology and water quality components of the UPRW [11, 14] , but none of these are related to the impacts associated with forest clear cutting. Thus, in view of the economic importance of forest in the UPRW on the one hand, and water quality concern on the other, evaluation of the changes caused in water and sediment yields following forest clear cutting seems essential for sustainable extraction of forest products without degrading watershed health.
While large numbers of studies in the past have evaluated the impacts of forest clear cutting using the paired watershed approach, modeling approach is being widely used since last few years. Among the most widely used hydrological models for predicting the impacts associated with land use/land cover change on water and sediment yields is the Soil and Water Assessment Tool (SWAT) model [15, 16] . The ability of the SWAT model to predict impacts associated with land use/land cover change on water and sediment yields has been tested worldwide [17] [18] [19] . Therefore, SWAT model was used in this study to determine potential effects of forest clear cutting on water and sediment yields.
The SWAT model is a physically based, watershed scale hydrologic model that operates on a daily time step to predict long term effects of management practices on water, sediment, and chemical yields in watersheds [16] . The model first delineates and divides the watershed into multiple sub-basins, which are further subdivided into hydrologic response units (HRUs). The HRUs are the smalllest homogenous units of the watershed that are created by combining unique land use, soil and topography [15] . The model computes surface runoff from daily rainfall by using the modified United States Department of Agriculture (USDA) soil conservation service (SCS) runoff curve number (CN) method or the Green-Ampt infiltration method [15, 16] . Likewise, the SWAT model computes sediment yield using the Modified Universal Soil Loss Equation (MUSLE) for each HRU [20] . Detail description about the SWAT model and its components can be found in SWAT manual [15, 16] . The SWAT model requires input of spatial datasets such as digital elevation model (DEM), soil data and land use/cover data. In addition, it also requires non-spatial time series of weather data, such as precipitation, temperature, wind speed, snow and relative humidity. In this study, USGS 30 m × 30 m DEM [21] , State Soil Geographic Database (STATSGO) [22] , the cropland data layer of year 2009 [23] were used for defining watershed physical characteristics, creating soil database and for creating land use database, respectively, of the UPRW. Daily precipitation and temperature data for a period from 1980 to 2010 were used as weather input [24] .
Materials and Methods

Study Area
The UPRW is located in east-central part of Mississippi (Figure 1 ) and has an area of approximately 7885 km 2 . It covers a total of the 11 counties of Mississippi: Choctaw, Attala, Winston, Leake, Neshoba, Kemper, Madison, Rankin, Scott, Newton and Noxubee and flows down to the Ross Barnett Reservoir [12] . The watershed's dominant land use is forests, accounting for about 75% of the total watershed area. Longleaf pine, mixed pine-hardwood, dense cypress-Tupelo swamps and bottomland hardwood are the most common types of forest in the watershed [12] . Other land use types of the watershed include pasture (19%), and urban and others (6%). Fine sandy loam and silt loam are the dominant soil texture of the UPRW. The mean elevation of the watershed is about 133 m, with minimum and maximum elevation of 78 m and 221 m, respectively.
Model Calibration, Validation and Verification
The After stream flow, SWAT model's ability to predict sediment load was verified using one year (February to December 2010) of observed data. Due to the unavailability of observed sediment data recorded by the USGS for the UPRW, a sampling site was established near the USGS rain gauge station (USGS 02483500) with in the watershed. Grab samples were collected at an interval of two weeks from the sampling site. The collected samples were analyzed at the Mississippi State Chemical Laboratory to determine total suspended sediment (TSS). To maintain consistency with the SWAT predicted sediment loads, the obtained TSS data were converted into sediment load by establishing a relationship between TSS and stream flow. Further, because of the limited availability of observed data for each month, daily empirical sediment load was computed for the studied period using the relationship between sediment loads and stream flow. This was done by using power function, following [25] and [26] with stream flow as independent variable and sediment load as dependent variable. The reason for using power equation instead of the other equations was that the difference between the sum as well as the average of the observed and empirical data for the studied period was very close to each other. Thus, daily empirical sediment load for each month was used to compute empirical monthly sediment loads, which was later used to verify predicted monthly sediment loads for the UPRW. Hereafter, empirical monthly sediment load will be stated as observed sediment load in this study unless otherwise stated.
The SWAT model was verified for observed monthly sediment load by adjusting sediment parameters that were selected following the literatures in the past [27, 28] . Parameters that were modified during model verification process, their range, default value and final value are presented in Table 1 . Parameters that were adjusted for sediment load simulation included the universal soil loss 
Forest Clear Cutting Scenario
The calibrated SWAT model was further used to quantify potential changes caused on water and sediment yields due to the implementation of forest clear cutting. For this purpose, five hypothetical forest clear cutting scenarios were developed. These scenarios included:  Scenario 1: 10% (488 km 2 ) of the total forest area is clearcut;  Scenario 2: 20% (992 km 2 ) of the total forest area is clearcut;  Scenario 3: 30% (1466 km 2 ) of the total forest area is clearcut;  Scenario 4: 55% (2707 km 2 ) of the total forest area is clearcut;  Scenario 5: 75% (3718 km 2 ) of the total forest area is clearcut. To represent the condition of forest clear cutting realistically, scenarios were modeled by changing parameters, such as crop growth parameter, runoff curve number and USLE P factor in the crop database (.dat) and management file (.mgt). The modified model parameters such as the CN and a USLE P factor were set to 90 and 1, respectively. These parameters were changed only in the forested HRU's of sub-basins that were selected using stratified random sampling technique. Since the actual area of forest in which clear cutting have been taking place in the UPRW was not known, proposed scenarios were built upon the literature review [5] [6] [7] and the ongoing timber harvesting trend in the south [29] [30] [31] . In general, forest lands in large watersheds like the UPRW are owned by diverse landowners such as forest industry (FI), timber investment management organizations (TIMOs) and nonindustrial private forest (NIPF) owners. These owners usually have multitude of management objectives. For instance, while FI and TIMOs prefer intensive timber harvesting [29, 31] , management preference of NIPF ranged from very intensive timber management as that of the FI and TIMOS to preference of amenity over timber management only in a small portion of the forest they owned [29, 32] . Thus, to address such uncertainty in the intensity of forest clear cutting in the watershed, scenarios with such range of forest clear cutting scenarios were proposed in this study.
Data Analysis
The predicted and observed data were compared by using four commonly used statistics in hydrologic studies: coefficient of determination (R 2 ); Nash-Sutcliffe model efficiency index (NSE); root mean square error (RMSE); and percent bias (PBIAS), which are defined as:
where o i is the observed value, p i is the predicted value, o m is the average observed value, p m is the average predicted value and n is the number of observations. The R 2 (Equation (1)) was used to compute the goodness of fit between the simulated and observed values. The value for R 2 ranges between 0 and 1, where 1 indicates perfect fit and zero indicates poor or unacceptable fit between the simulated and observed values [27] . The NSE (Equation (2)) was used to evaluate the model efficiency because it indicates how well the plot of observed versus simulated values fits the 1:1 line [33] . The value of NSE can range between −∞ and 1, where 1 denotes perfect model performance and −∞ denotes poor model performance [11, 34, 35] . The RMSE (Equation (3)) was used to evaluate the accuracy of the model prediction. The smaller the value of RMSE, the smaller the error in the model predicted values. A value of zero for RMSE indicates perfect simulation of the observed data by the model [11, 35, 36] . The PBIAS (Equation (4)) was used to evaluate whether simulated values were larger or smaller than their observed counterparts. The optimal value of PBIAS is 0, with low-magnitude values indicating accurate model simulation. Positive value indicates a model bias toward underestimations, whereas negative value indicates model bias toward overestimation [36] . In this study, model efficiency statistics were rated based on the criteria proposed by earlier literatures [35, 37] .
Results and Discussion
Stream Flow Calibration and Validation
The performance statistics for the average monthly stream flow during the calibration period are presented in Table  2 The model efficiency statistics computed in this study for the monthly stream flow prediction are in general agreement with those reported by earlier studies using the SWAT model [3, 11, [37] [38] [39] . A study conducted in southeast Indiana reported calibrated monthly stream flow NSE values between 0.59 and 0.80 for three different watersheds [39] . Likewise, a study determined R 2 = 0.81, NSE = 0.56, and PBIAS = −95.06% for calibrated monthly stream flow for Red Rock Creek watershed in southcentral Kansas [37] . Moreover, SWAT model performance in this study is also consistent with the performance statistics reported by a study conducted in the same watershed [11] . The values of R 2 , NSE and RMSE estimated at the five USGS gauge stations were reported between 0.69 and 0.79, 0.68 and 0.79, and 14.14 and 37.03 m 3 /s, respectively. Thus, because of the good performance shown by the SWAT model in this study, the calibrated SWAT model was further used to evaluate the potential impacts of forest clear cutting on the hydrologic component of the watershed, specifically on water yield.
Sediment Verification
The average monthly simulated sediment load was compared with the observed sediment load from February through December 2010. In regard to the SWAT model performance for sediment load prediction, the uncalibrated SWAT model, using the default values of sediment parameters, reveal satisfactory performance (R 2 = 0.87, NSE = 0.77, and PBIAS = 21.30%) for all statistics with the exception of RMSE (= 177.80 Mg/ha) (Figure 2(a) ). Result shows that the sediment load predicted with default parameter has slightly underestimated sediment load compared to the observed data, which is shown by the positive value of PBIAS. In an effort to improve the performance of the SWAT model, few parameters related to sediment were adjusted ( Table 1) . This resulted in an improved performance of the SWAT model (R 2 = 0.91, NSE = 0.93, and PBIAS = −3.33%) for simulating monthly sediment load for the UPRW (Figure 2(b) ). Similar to RMSE value estimated with default parameters, the value of RMSE (= 107.53 Mg/ha) continued to remain high even after the adjustment of sediment parameters. This implies that the simulated monthly sediment load possess relatively high error than that of the observed data.
As earlier noted, simulated sediment load was not validated because of the limited availability of the observed data, therefore accurate prediction of sediment load outside the calibration period can be doubted. However, simulated monthly sediment load for the calibration period showed a performance close to or better than the performance of SWAT models reported in earlier literatures for monthly sediment calibration. For instance, a study in the past used the calibrated SWAT model for stream flow to validate monthly sediment yield prediction using only two years of monthly data at Pomona Lake watershed. The study reported good performance of the SWAT model with NSE = 0.66 [38] . The performance of the SWAT model in this study for monthly sediment load prediction was also found to be in consistent with the findings of other studies [27] . Provided that the SWAT model showed very good performance for sediment load prediction, the calibrated SWAT model was considered to have prediction accuracy sufficient for assessing the impacts of forest clear cutting on sediment yield of the studied watershed.
Effects of Clear Cutting on Water and Sediment Yields
This study used the calibrated SWAT model to predict potential water and sediment yields generated from five hypothetical forest clear cutting scenarios. The calibrated SWAT model was considered as the base scenario. The clear cutting scenarios were run on an annual basis from 1980 to 2008. The potential changes in the average annual water and sediment yields were analyzed by computing the difference between each clear cutting scenario and the base scenario. Figure 3 and Table 3 demonstrate the SWAT predicted average annual water and sediment yields, and also the changes in yields that occurred after the implementation of each scenario. Results in Figure 3 and Table 3 show increase in both yields with increasing percentage of forest area clearcut. The SWAT model simulated average annual water and sediment yields for the base scenario are 456 mm/yr and 4 Mg/ha/yr, respectively. The SWAT model predicted results demonstrate substantial increase in water yield with increase in clearcut forest area (Figure 3 and Table 3 ). The predicted average annual water yield are 534 mm/yr, 589 mm/yr, 667 mm/yr, 742 mm/yr and 894 mm/yr from the scenarios in which clear cutting was applied to 10%, 20%, 30%, 55% and 75%, respectively, of the total forest area of the watershed. The forest clear cutting scenarios of this study showed the magnitude of change in water yield due to changes in the percentage of forest area clearcut. Compared to the simulated average annual water yield of the base scenario, approximately 17%, 29%, 46%, 63% and 96% increase in water yield was observed from scenarios in which 10%, 20%, 30%, 55% and 75%, respectively, of the forest area is clearcut. Greatest change in the average annual water yield was observed from 75% forest area clearcut scenario, which accounts for an increase in water yield by approximately 488 mm when compared with the base scenario. Comparison of changes in water yield that occurred between subsequent scenarios showed that for every 10% increase in the percentage of total forest area clearcut, the changes in water yield occurred between 55 mm to 78 mm. Similar change in model predicted average annual water yield occurred, approximately by 76 mm, when the percentage of forest area clearcut was increased from 30% to 55%, which accounts for an increase of about 11% when compared with the 30% forest area clearcut scenario. A considerable change in average annual water yield of about 152 mm, an increase of approximately 20%, was observed from 75% forest area clearcut scenario when compared with the 55% forest area clearcut scenario. Further, water yield generated from 75% forest area clearcut scenario is almost double the water yield from the base scenario.
The SWAT model predicted sediment yield follows the similar pattern for the proposed clearcut scenarios (Figure 3 and Table 3 ). Percentage wise, increase in sediment yield from each scenario is much larger than the water yield, ranging between 33% and 250%. This suggests that the impact of clear cutting is greater on sediment yield than that on water yield. In general, forest clear cutting increases the amount of water available for surface runoff due to increased water yield; therefore, increase in sediment yield after clear cutting can be attributed to an increase in water yield. The predicted sediment yield ranged between 6 Mg/ha and 15 Mg/ha or 33% and 250%, respectively. Compared to the base value, 30% forest area clear cut scenario resulted in an increase of sediment yield by about 113% or 9 Mg/ha ( Table 3) . The predicted sediment yield generated from 55% forest clear cutting scenario is almost double the sediment yield generated from the base scenario. As expected, greatest increase in model predicted sediment yield was observed from 75% forest clear cutting scenarios, which resulted in an increase of about 250%, or 15 Mg/ha (Figure 3 and Table 3 ).
Overall, this study supported the findings of earlier studies that have indicated that decrease in forest cover increases water and sediment yields [4, 5, 7] . If clear cutting is implemented in similar magnitude in the UPRW watershed, increase in average annual water and sediment yields would occur by as much as 96% or 894 mm and 250% or 15 Mg/ha, respectively. However, due to unavailability of limited literatures from similar areas, cross validation of water and sediment yield generated from each scenario applied for the UPRW was not possible. Further, it should be noted that the predicted yields from each scenario may be different than the actual yields in the watershed for similar magnitude of clear cutting. One possible explanation for the possible difference in yields is the implementation of BMPs after clear cutting, which was beyond the scope of this study. Another possible reason is the model uncertainty, which may exist due to different forest management activities at the local level, and also due to errors contained in the spatial data input. Thus, cautious interpretation of these results is suggested
Conclusions
This study evaluated and compared the potential impacts of forest clear cutting on water and sediment yields of the UPRW located in east-central Mississippi. The SWAT model was used to simulate five hypothetical scenarios that represented clear cutting at 10%, 20%, 30%, 55% and 75% of the total forest area of the watershed. The SWAT model was first calibrated (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) 2 and NSE values greater than or equal to 0.77 for both default and adjusted sediment related parameters, PBIAS value within ±22% with default parameter and ±4% with adjusted parameter also illustrate that the SWAT model was able to predict sediment load reasonably well.
The calibrated SWAT model was further used to simulate the base scenario as well as the five clear cutting scenarios. Potential changes in yields that may happen due to the implementation of clear cutting were computed by comparing yields from each scenario and a base scenario. As expected, increase in water and sediment yields was observed with increase in the percentage of forest area clear cut. This indicates that the SWAT model predicted results of this study have supported the findings of earlier studies that showed evidences supporting increase in water and sediment yields following forest clear cutting.
Compared to the simulated average annual water yield of the base scenario, approximately 17%, 29%, 46%, 63% and 96% increase in water yield was observed from scenarios that represent clear cutting at 10%, 20%, 30%, 55% and 75%, respectively, of the total forest area of the watershed. These correspond to an average annual increase in water yield by approximately 78 mm, 133 mm, 210.6 mm, 286.1 mm and 437.8 mm from respective scenarios. More seriously, an increase of about 33%, 78%, 113%, 169% and 250% was observed with increase in percentage of forest area clear cut. These represent an increase in average annual sediment yield by about 1.4 Mg/ha, 3.4 Mg/ha, 4.9 Mg/ha,, 7.3 Mg/ha, and 10.8 Mg/ha.
Since the UPRW drains directly into the Ross Barnett Reservoir, increase in water and sediment yields at the UPRW will have serious environmental effects to the reservoir. Therefore, it is suggested that the percentage of forest area that is clear cut in the watershed should be considered with care. Even though, predicted water and sediment yields generated from each scenario are subject to further verification with observed data, this study provides useful information about the potential amount of water and sediment yields that may be produced under each scenario, and that the potential changes that may happen on yields if similar magnitude of clear cutting occurs in the UPRW or in similar watershed.
